Introduction: Childhood adversity is gaining increasing attention as a plausible etiological factor in the development of psychotic disorders. Childhood residential mobility is a potential risk factor that has received little attention in this context. Methods: We used registry data to estimate associations of residential mobility with narrow and broad schizophrenia and bipolar disorder across the course of childhood among 1.1 million individuals born in Denmark 1971-1991 and followed from age 15 through 2010. We assessed effect modification by sex, family history of mental disorder, the presence of siblings close in age, and distance moved. Results: In individual-year models adjusted for family history, urbanicity at birth, and parental age, mobility at all ages except the year of birth was associated with heightened risk of narrow and broad schizophrenia, and risk increased with age at moving and with the number of moves. Further adjustment for mobility at all ages 0-15 revealed associations mainly during the latter half of childhood, which were strongest during adolescence. Associations between mobility and bipolar disorder were fewer and weaker compared to schizophrenia. There was modest evidence of interaction with family history of psychiatric diagnosis, but little evidence for interaction by sex, the presence of closely-aged siblings, or distance moved. Schizophrenia associations did not appear attributable to increased mobility among adolescents with earlier onset. Conclusions: Mobility may increase risk for psychotic disorders, particularly schizophrenia. Children may be especially vulnerable during adolescence. Future research should investigate the importance of school changes and the potential for interaction with genetic risk.
Introduction
Childhood adversity is gaining attention as an etiologically relevant factor in the epidemiology of psychotic disorders. [1] [2] [3] Much research has focused on long-term consequences of traumas such as abuse and neglect. 4, 5 However, other forms of adversity, including social and economic disadvantage, 6, 7 peer victimization or bullying, 8 and disruptive family environments, 9 may have etiological importance. Such adversities may disrupt processes of stress reactivity, cognition and emotion regulation in the developing brain, 10 by acting alone or in conjunction with earlier environmental or genetic exposures. 11 Childhood residential mobility is a potential common form of adversity that could impact psychosis risk. Mobility disrupts the continuity of children's psychosocial contexts, challenging them to navigate new and unfamiliar neighborhoods, schools, and peer groups. 12, 13 Childhood mobility has been associated with psychoticlike symptoms in children 14 as well as outcomes such as depression, behavioral problems, drug use, and attempted suicide. 13, [15] [16] [17] However, few studies of the influence of mobility on risk for adult psychotic disorders exist. [18] [19] [20] Two previous Danish studies found that residential changes during upbringing were associated with schizophrenia 19 but not bipolar disorder. 18 These results warrant replication. Furthermore, no studies have assessed the potential for effect modification of mobility associations by factors that are relevant to the effects of mobility in children.
This study investigates how childhood residential mobility, conceptualized as a form of adversity that disrupts psychosocial development, affects risk for schizophrenia and bipolar disorder in adulthood. We expand upon the results of previous studies in 3 ways. First, we reinvestigate associations of childhood residential mobility with schizophrenia and bipolar disorder in Denmark, using a more recent cohort that allows for greater power to detect age-and dose-specific associations and more stringent control for confounding. Second, because developmental insults may differentiate schizophrenia and bipolar disorder etiologically, 21, 22 we include explicit presentation of associations with bipolar disorder and include broadly as well as narrowly defined schizophrenia to allow comparison of these 3 outcomes. Third, we test for interactions between mobility and the following factors: (a) sex, based on evidence that mobility may affect boys and girls differently 13, 16 ; (b) distance moved, using change of geographic region as a proxy for moving a greater distance; (c) the presence of siblings within 3 years of age of the participant, both based on the relevance of contextual factors and social ties to the mental health effects of mobility in children 12, 23 ; (d) family history of mental disorder, based on evidence that genetic liability may increase susceptibility to environmental exposures. 24 We also include a test for interaction with age during follow-up to assess whether the associations of schizophrenia with mobility later in childhood are confined to those with earlier onset.
Methods

Study Population
We used the Danish Civil Registration System 25 (CRS) to establish a population-based cohort of ≈1.1 million individuals born in Denmark between January 1st, 1971, and June 30th, 1991. The CRS contains continually-updated information on all Danish residents, including vital status, sex, date of birth, identity of parents and siblings, and place of birth and residence. Residential information has been recorded prospectively for all Danish residents and is complete at the municipality level since 1971. 25 Individuals were included if both parents were identified in the CRS and born in Denmark, and the individual was alive and residing in Denmark on his or her 15th birthday. Compared to previous studies of mobility in Denmark, 18, 19 the current study cohort consisted entirely of individuals with residential history information available from birth, with more recent follow-up. It also excludes first-and second-generation immigrants, among whom risk of schizophrenia is increased.
26,27
Psychiatric Diagnoses and Family History
We linked CRS data to the Danish Psychiatric Central Register, which contains all admissions to inpatient psychiatric facilities since 1969 and specialty outpatient and emergency room visits since 1995. 28 Diagnoses followed the International Classification of Diseases, 8th revision (ICD-8) prior to 1994 and the ICD-10 from 1994 onward. 29, 30 
Residential Mobility
We used the CRS to measure mobility according to 2 different geographical classifications. First, because the effect of moving was previously accounted for by municipality changes as opposed to moves within municipalities, 19 moves were defined as changes between any of 276 municipalities in Denmark before the 2007 municipality reform. We calculated the number of moves during each year of age between birth and the 15th birthday. Moves to and from foreign countries were extremely rare (less than ½% in all ages) and not counted. The number of moves was categorized as 0, 1, 2, or 3+ for narrow and broad schizophrenia and as 0, 1, or 2+ for bipolar disorder.
Second, as a proxy for distance, moves were classified according to changes between five larger geographical regions in Denmark instituted after the 2007 municipality reform (as these are merely geographical classifications, the time periods do not influence the study). For these analyses, mobility in each year was classified as no moves, change(s) of municipality within the same region, or change(s) of municipality between regions.
Additional Measures
Birth period, age, sex, parental age, urbanicity level at birth, and the presence of siblings within 3 years of age were created using CRS information. Birth period and sex were combined into a 6-category variable indicating males and females who were born in 1971-1980, 1981-1985, and 1985-1991 31 Three binary variables were created indicating the presence of older, younger, and any siblings within 3 years of age.
Study Design and Analysis
Data were analyzed prospectively. The study started on the 15th birthday and ended at disorder onset, death, emigration from Denmark, or December 31, 2010 (whichever came first), when cohort members were between 19 and 39 years old. Poisson regression, implemented in the GENMOD procedure of SAS 9.2, 32 was used to estimate incidence rate ratios (RRs) for each disorder, approximating Cox regression. 33 Models were adjusted for birth period, age, sex, their interaction, calendar year, urbanicity at birth, parental age, and family history of mental disorder. Age, calendar year, and family history were measured over the course of follow-up and included as timevarying covariates. Mobility, birth period, sex, parental age, urbanicity, and the presence of siblings were timefixed. Calendar year was categorized into 1-year bands except that years 1986-1988 were collapsed for narrow and broad schizophrenia and 1986-1993 were collapsed for bipolar disorder. Likelihood ratio tests were used to test each mobility variable as a whole and for interaction tests. Likelihood ratio-based 95% confidence intervals were calculated for each estimate. Score tests were used to check the models for overdispersion. 34 We estimated both individual-year models (containing mobility for one age at a time) and mutually-adjusted models (containing mobility during all ages 0-15). We tested for interactions with sex, family history (which for simplicity was dichotomized as any disorder in a parent or sibling vs none 35 ), having siblings, and for narrow and broad schizophrenia, age during follow-up (categorized as younger than 20, 20-24, and 25 or older), in models adjusted for birth period, age, sex, their interaction, and calendar year. Sibling interaction was considered among those with mothers born on or after April 1st, 1935 to ensure completeness of sibling information in the registry. 25 We also tested for an overall interaction between mobility at all ages and family history for narrow and broad schizophrenia. For region change, interactions were evaluated using contrast tests.
This study was approved by the Danish Data Protection Agency.
Results
Among the 1.1 million persons born in Denmark 1971-1991, 7277 cases of narrow schizophrenia, 12 970 cases of broad schizophrenia, and 2841 cases of bipolar disorder were identified during the 16.8 million person-years of follow-up. Figure 1 depicts the proportion of individuals who moved once, twice, and 3 or more times each year. Mobility was highest in the year of birth and declined across childhood. Less than 1% of cohort members moved twice in a given year, and very few moved 3 or more times. 
Individual-Year Models
Mobility was associated with narrow schizophrenia at all ages except the year of birth. Associations appeared to increase with the number of moves at each age, and with age at moving (figure 2A). Moving once was significantly associated with schizophrenia in all years except age 0 and estimates ranged from 1.07 (95% CI = 0.99-1.16) to 1.86 (95% CI = 1.68-2.05). Moving twice was significantly associated in all years except 0, 1 and 9, and estimates ranged from 1.17 (95% CI = 0.95-1.42) to 2.12 (95% CI = 1.65-2.68). Moving 3 or more times was significantly associated for ages 5 and 10-14, with estimates ranging from 0.81 (95% CI = 0.37-1.51) to 3.72 (95% CI = 2.32-5.61).
Mobility was associated with broad schizophrenia at all ages. The pattern of RRs largely mirrored that observed for narrow schizophrenia (figure 2B). The largest RR was for those who moved 3 or more times at age 14 (RR = 4.80, 95%CI = 3.50-6.38).
Mobility was associated with bipolar disorder at ages 2, 4, 7-9, and 13-14. The pattern of increasing risk with number of moves and age at moving was less evident than for narrow and broad schizophrenia, except for an apparent jump in RR at age 13 ( figure 2C ). Moving once was significantly associated with bipolar disorder at ages 2, 4, 7-9, and 11-14, and estimates ranged from 1.04 (95% CI = 0.89-1.21) to 1.63 (95% CI = 1.35-1.93). Moving 2 or more times was significantly associated with bipolar disorder risk only at age 13, with estimates ranging from 0.75 (95% CI = 0.39-1.28) to 2.65 (95% CI = 1.76-3.79).
RRs of all 3 outcomes for moves at ages 0, 5, 10 and 15 are presented in table 1. Figure 3 depicts mutually-adjusted associations. Note that the scale is slightly reduced compared to figure 2. Although mutual adjustment generally reduced the magnitude of estimates and widened CIs, inferences from the individual-year models remained largely intact, especially for the second half of childhood. Mobility was associated with narrow schizophrenia at ages 8 and 10-14, with broad schizophrenia at ages 2, 4, and 7-14, and with bipolar disorder at ages 7 and 13 only. The tendency for RRs for schizophrenia to increase with age at moving was still visible across childhood for those who moved once, and from age 11 onward for those who moved 2 and 3 or more times. This pattern was again less apparent for bipolar disorder, except for an increase in RR for moves at age 13.
Mutual Adjustment
Interaction
Ages for which interactions were statistically significant are presented in the supplementary table. We found little evidence that mobility associations were modified by sex, having siblings, or distance moved.
There was modest evidence of interaction with family history of psychiatric diagnosis. The overall mobility-byfamily history interactions were significant for both narrow (χ 2 = 66.8354, df = 45, P =.0189) and broad (χ 2 = 110.0736, df = 45, P < .0001) schizophrenia. Individualyear model interactions were significant at 2 different ages for narrow schizophrenia, 5 different ages for broad schizophrenia, and 5 different ages for bipolar disorder (supplementary material). For the majority of these interactions, estimates indicated lower relative risks when family history was present. Group-specific RRs were generally positive or nonsignificant; in no case was the association between mobility and disorder significantly positive in one group and significantly negative in the other. Associations between mobility and all 3 outcomes, by the presence of family history of psychiatric diagnosis, are presented in supplementary figures 1-3.
Interactions with age during follow-up were significant only at ages 2 and 10 for narrow schizophrenia. The model for age 7 was not estimated due to sparse data. Tests were significant at ages 10 and 11 for broad schizophrenia. For both sets of age 10 and 11 estimates, only the age 11 estimates for broad schizophrenia indicated that RRs were greater for those in the youngest age group (data not shown).
Discussion
Childhood residential mobility was associated with heightened risk of narrow and broad schizophrenia, which increased with the number of moves in a year and with the age at moving. Associations with bipolar disorder were fewer and showed less of an increase with age and the number of moves. These associations were robust to adjustment for family history of disorder, implying that associations are not entirely attributable to the presence of mental disorder in the family. Associations were also robust to adjustment for urbanicity at birth and parental age, and to the exclusion of first-and second-generation immigrants.
This study presents a number of new findings that have important implications for the epidemiology of psychotic disorders. Mobility was associated with schizophrenia after controlling for mobility at all ages simultaneously, and the increase in risk with age at moving was preserved. This implies that mobility associations during adolescence were not completely confounded by earlier mobility, or by factors that create a general propensity for mobility among families (as long as this propensity is independent of the child's age). It also highlights adolescence as a period of vulnerability to psychosocial adversity. Stable social contexts may help adolescents navigate the social world and meet the challenges posed by emerging adulthood. 36, 37 Executive function, impairment of which is a core feature of schizophrenia, continues to develop during adolescence. 38 Adolescence is also a period of heightened dopamine activity, and a sensitive period for the effects of social stress on HPA axis function and long-term dopamine regulation. 37, 39, 40 Adolescence is also important in 2-hit models of schizophrenia, 11, 41 in which early and later exposures interact (eg, ref. 42 ). This is the first study to assess effect modification of the associations between childhood mobility and adult psychotic disorders. We found modest, preliminary evidence for effect modification by family history of disorder. Although interactions were not in the expected direction, this may be related to our use of a multiplicative model, as the direction of statistical interactions can depend on the type of model being used. 43 Although this study does not provide a formal test of gene-environment interaction, the possibility of such effects is intriguing. Future studies should explore whether mobility confers risk differently according to genetic liability or the presence of specific genetic variants. 24 We found little evidence of effect modification by sex, having siblings, or distance moved. The fact that relative risks did not differ significantly between those who changed regions and those who changed municipalities within a given region suggests that once a municipality change occurs, additional distance is not associated with additional risk. One possible explanation is that both municipality and region changes are proxies for changes of school. 19 The potential importance of school change is consistent with the lower magnitude of associations of mobility in early childhood, before children enter school, and the higher magnitude of associations during adolescence, when peer relationships are especially salient. It is also consistent with evidence that school mobility is associated with psychotic-like symptoms in early adolescents. 14 This study is the first to report associations between childhood mobility and bipolar disorder in adulthood. Associations with bipolar disorder were fewer and weaker than those with schizophrenia and showed less increase with age, implying some specificity of effect for mobility. We conducted additional sensitivity analyses to assess whether the associations with bipolar disorder were attributable to the presence of diagnostic overlap, but did not find evidence for this explanation (see supplementary material). Future studies should explore potential associations between childhood mobility and bipolar disorder in adulthood.
Whether our results reflect causal effects of mobility on psychotic disorder is unknown. For example, mobility may be a marker for other childhood adversities, such as parental discord, that increase risk for adult disorder. 44 Although we cannot rule out the possibility of confounding, it may not fully explain our findings for schizophrenia, as mobility associations persisted for the latter half of childhood after adjustment for mobility in all other years and increased with age during this period. It is also possible that associations between mobility and schizophrenia during adolescence are due to greater mobility among children with prodromal symptoms, a form of reverse causation or protopathic bias. 45 Although this cannot be ruled out, our findings did not support this explanation, as we did not find strong evidence that children who moved during adolescence were more likely to have earlier onset.
This study was limited in that we lacked information on why families moved. We were therefore unable to account for social, economic, or other individual-or family-related conditions or events during childhood that may have prompted a move and increased disorder risk. 44 We were also unable to investigate many circumstances under which moves might confer greater or less risk. In addition, our results may not generalize outside of Denmark or to first-and second-generation immigrants. We also lacked data on school attendance, so were unable to test whether the effect of moving might be explained by school change. We used a proxy measure for distance moved, and using a more direct measure of distance may yield different results. Because the oldest cohort members were 39 years old at the end of follow-up, our findings may not apply to onset occurring later in adulthood. Finally, we investigated mobility up to age 15 and therefore did not account for the possible contribution of mobility during late adolescence and early adulthood.
An important strength of this study is that we had access to full residential information for the entire exposure period of interest, which was measured prospectively, without relying on recall, and independently of the outcomes under study. In addition, the catchment area for the psychiatric registry includes the entire Danish population, for whom psychiatric care is accessible and provided free of charge. This allowed for investigation of age-specific mobility effects. It also allowed us to control for family history of mental illness, which is perhaps the most important confounder in studies of environmental risk factors for psychiatric disorder.
This study extends previous investigations of childhood mobility and schizophrenia and bipolar disorder in Denmark. 18, 19 We found that childhood residential mobility is associated with increased risk for psychotic disorders in adulthood, and may be relatively more specific to schizophrenia compared to bipolar disorder. Children may be especially vulnerable to the effects of mobility during adolescence. Risk does not appear to be modified by sex, having siblings, or distance moved. Future studies should investigate the possible modifying role of genetic risk, the role of school changes in predicting risk, and potential interactions with early environmental exposures.
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